Apparatus and method lor coating a substrata 
by means of a ehemlcal gas phase separation process 

The invention rotates to an apparatuo and a method for coating a substrate by means of a chemical 
gas phase separation process. 

Diamond-faced tools in particular, e.g. for machining, arc ooatod by this known process. A diamond 
ooating must adhere to the tool; H Is normally poiyciystallli ie. An activated gas phase Is used In the 
process, and the substrate generally has a temperature ot 700 to 960 D c during crating. 

Tho filaments are wires which are clamped parallel with each other In one plane. This flat 
arrangement of the filaments may be horizontal or vertical. 

There Is an example of tho flat arrangement of waveform filaments In EP 0 545 542 A1 . The 
filament or f Hamei its are formed in wave-form In ona plana above a substrate to be coat ad. Tha 
substrate table Is also flat, and the Ataman! arrangement Is provided parallel with it. 

Experience shows that non-homogeneous temperature distributions, which then lead to non- 
homogeneous coatings, era generally obtained in this process particularly with substrates of complex 
shape but even with round fools such as grinding wheels. 

The problem of the Invention is to obtain more homogeneous coating of auhstrates by means of a 
chamteftl gaa phase separation process. 

The problem Is wived by a not merely two-dimensional arrangement ot the filament* At Inast partially 
surrounding the substrate to be coat ad, hut a three-dimensional arrangement In respect of the 
substrate. Other features of the Invention oro defined in the sub-claims. 

Uniform coating of substrates of complex shapes firstly raqtiiraa uniform activation of the gas phase 
through uniform spacing* between the filaments themeolvoe and bctwoon the filaments and the 
eubctrato. Secondly H requires uniform temperature distribution on the whole surface or the substrate 
to be coated. Adaptation of the filaments to the substrains becomes necessary approximately from a 
diamolar of d = 10 mm In the case of cylindrical substratoe. 

With an apparatus according to the Invention and thus a departure from tho pravloi w, always flat 
filament geometry, it now haoomas possible to ensure a homogeneous enough coating thickness 
when coating tools and components of a complex shape. Ghadowing effects such as appear chiefly 
with flat filament arrangements are substantially avoided by having the substrates completely 
enclosed by filaments. The necessary current Intensity can be radunad hy using the two half-shells 
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and the short-clrcultlng ring. Consequently the electric power which Is lost as neat In the supply lines 
is leas than In Known methods of coating with a flat arrangement of filaments. 

When the alternative embodiment without a shorl-clrcuitlng ring 18 used, the arrangement Is given 
great flexibility through the length or the filaments. Tonls of the most varied diameters can be 
coAted, or a plurality of tools simultaneously. 

The problem Is also solved by a method of coating a substrate by a chAmical gas phase separation 
process characterised by simultaneous coating of the substrate from moro then one aide. The shape 
In which the fllamonte arc suspended advantageously corresponds to the stiape of the tool to OS 
coated. A round filament retainer Is preferably provided for round tools. Such an embodiment of 
the apparatus has two halt-shells and a ahorf-nlrcuiling ring. The filaments are clampod between the 
two half-shells, which are conneoted to the power supply, and the ehort-clrcuKIng ring. They 
advantageously run In a straight line between the two half-6helis and the ring. 1 he tool to be coated 
Is Inserted In the apparatus vertically. The fact that the tool to be coated is completely surrounded by 
the coating apparatus means that It is coated from all sides simultaneously. An advantageous 
alternative embodiment has no short-circuiting ring at the bottom. The filaments are clampod In two 
Iwlders ol straight or curved shape. They hang down undamped, hy gravity, forming a curve at tho 
bottom. In this embodiment the tool to be coated is Inetallsd with It© axle of rotation horizontal It Is 
rotated uniformly during tho oootlng process. The tool Is Indeed coated evenly in the region of the 
curved filaments, but If ft were nut rotated the coating In the upper pan. not surrounded by I he 
filaments, might be non-homogeneous. A radiation screen for example Is advantagooucly arranged 
in that part, so that little heat can rieo and be lost from the apparatus, Preferably the chemical gas 
phase separation process is a chemical vapour deposition process (CVD-process) . 

The Invention will now be explained In greater dotall, by describing embodiments of an apparatus for 
coating a substrate by a chemical gas pltase separation process, with reference to the accompanying 
drawings In which: 

Fig. 1 Is a perspective view of a first embodiment of a coating apparatus according to the 



Fig. 3 is a pan-sectional 6lde viaw of a aaoond embodiment of a coating apparatus according to 
the invention; and 

Fig. 4 Is a sectional view OT a third embodiment of an apparatus according to the Invention. 



invention; 



Fig. 2 



Is a part^ootlonal eldo view of the Fig. 1 apparatus; 



♦ Fig. 1 gives a perspective view of a first embodiment of an apparatus 1 fur coating a substrate (not 
shown). The upper part of the apparatus I has two half-shells 2. 3. I ho lower part has a short- 
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circuiting ring. Filaments S are ctamped In between the two half-shells 2, 3 and the ring. Tho 
filaments 5 extend in straight lino© botwcon tho two helf-ahelle and the ehort-drcultfng ling. A 
segmented filament retaining ring 6 Is shown proving from one half-shell 3. The filaments 6 are 
fixed In filament retainers 8 In the two halt-shells 2, 3 by the filament retaining ring 6 in combination 
with screws 7 at the outer periphery of the two half-eholte. 

The filaments 5 are fixed in the short-circuiting ring 4 by means nf a clamping ring 9. This works 
togftlhor with screws 10. 

The two hatful lull* 2, 3 are connected to power supply leads 11.12- By using the two half-shell* the 
necessary intensity of the current supplied by the two leads 1 1 , 12 to the two half-shells 2, 3 and ihuc 
to the filaments 5 is reduced to below 1 000 A. It Is necessary though for the filaments to be held In 
the filament retainer 8 and short-circuiting ring 4 so that electrical contact Is equally good for all 
filaments. Le. Is of low Impedance. Differential haatlng of Individual filaments Is avoided In this way. 
This can be seen more clearly from Rg. 2. 

Fig. 2 Is a part-sectional side view of the Fig. 1 apparatus. As a means of ensuring uniform electrical 
contacting of the filaments those must undergo uniform ptaGtlo deformation. On the one hand the 
filaments S have to be damped In straight. This Is shown in Fig. 2. In order to obtain low* 
Impedance contacting of the filaments In the retainer 8 and short-circuiting ring 4, tha f (lament 
retaining ring 8 and clamping ring 9 are made tapering, with a respective bevelled wall 1 3, 14. The 
two retaining ringe 6 inside the two half-shells 2, 3 are severed obliquely, In order not to worsen 
contact-making at tho abutting surfaces of the two rings. 

By providing a smooth surface Insldo tho filament retainers In the two half-shells 2, 3 and the ^hurt- 
circuiting ring 4 different, freely chuwn *paclngs can be obtained between the lilaments 5. In this 
way different numbers ot filaments can be accommodated Inside the apparatus 1 . This gives greator 
variety In respect of the tools 1 5 to be coated. The tools aro arranged vertically in the apparatus as 
indicated. Tho filaments should everywhere be at a uniform spacing of approximately 1 0 mm from 
the tool surface lu be coated. Uniform and optimum coating ot the tool thus bAcnmas possible. 
Through being encased on all rHas by the filaments In the apparatus, the tool curfaoo or substrate Is 
coated evenly and homogeneously, since there is homogeneous temperature disulbuliun throughout 
the apparatus. 

Filament grids may be clampod In Instead of the Individual filaments G. Retention of such yriUs in 
the ehort-circuiting ring and two lialtatiells Is easier than when a plurality or individual filaments are 
provided. Installation of one or more grids also give* still more homogeneous temperature 
distribution in the apparatus 1 . Filament temperatures of above 1 000*0 to a maximum of 2 700*0 
are roachod In the apparatus according to the invention. The filament retaining ring, snon-clrculting 
ring and clamping ring are made of molybdenum or another high melting point matel, so that they are 
not melted by contact with the hot filaments. 



Different filament diameters may be used, for example d - 0,5 mm to 1 .5 mm, ae tho filament 
retaining ring is oegmontod end the segments are tapered. Ae the short-circuiting ring 4 and 
damping ring 9 have tapered clamping surfaces different filament diameters can be clamped in. 

With email filamont diameters the screws 10 are no longer required, provided that the tapering 
clamping surfaces are designed with sufficient clamping strength to clamp in the filaments without 
screws. This reduces tho weight, eliminating the screws themselves and the material requirod to 
insert the screw thread In the ehort-olroultlng ring 4 and clamping ring 9. 

Fig. 3 Is a part-sectional view of a second embodiment of a coating apparatus 1 according to the 
Invention. Unlike the apparatus shown In Fig. 1 and Fig. 2 the Fig. 3 apparatus has no short- 
circuiting ring 4. The filaments 17 clamped Into a tetalner 10 hang down from it by gravity with a 
slight curvature. They approximately match a cylindrical substrate. The two filament retAiners 1 6 
form pari of the two holders 1 8, 1 9, The two holders are provided parallel with and at o 
predetermined spacing from each other. The shape of the two holders 1 8, 1 9 is preferably not 
rounded but straight. However they may also have curves to adapt them to a correspondingly 
shaped too). 

The two holders 1 8, 1 9 are provided with power supply leads 20, 21 . The tool 22 to be coated is 
inserted in the apparatus 1 with horizontal orientation. The filaments 17 hanging down encase the 
tool. Heat discharged by the filaments in the coating prococe oould only be wasted at the top where 
no filamente 1 7 are provided, In order to prevent this a radiation screen 23 is provided on each of 
the two holders 18, 19. The tool Is turned about Its horizontal axis of rotation within the apparatus 1 
to ensure homogeneous coating. 

The advantage of this apparatus over that In Fig. 1 is that the space between the two holder* 1 a, 19 
allows tools of different diameter to he held in the apparatus, since adaptation to the appropriate 
diameters ean take place. Such adaptation to different tool diameters is also obtained through the 
different filament lengths which can be selected. Hie filaments may be adapted to different 
substrate diameters by means of a slot 25 provided in a holder 94. by displacing the holder 24. The 
length of the filaments is adapted to the substrate to bo coated. The floxibitity of the apparatus Is 
therefore obtained through the length of the filaments. In this embodiment a plurality of tools can 
furthermore be Inserted in the apparatus simultaneously and ooated therein. 

A third cmbodimont of an. apparatus 1 according to the Invention is shown in section In Fig. 4. The 
structure of the apparatus 1 1s almost identical with that In Figs 1 and 2. The only difference is that 
two rows ot filaments 26 are provided In the Fig. 4 embodiment Instead of Just ono row. A tool or 
substrate 28 ie inserted vertically In the apparatus. Hence the filaments 20 am shown in section. 
The tool 20 has projections 27. The Inner row 29 of filaments 20 Is arranged with a filament between 
each pair of prelections 27 from the tool 28. The outer row 30 of filament* 76 on the other hand Is 



arranged wllh a filament In front of each such projection 27. Each of the filaments 26 in the two rows 

tharafora In a gup h*tw«Rn filumfiniR Thmugh.ihe provision of these filaments 26, arranged 
concentrically and effect from each othor, the gapo between tho projcctlone 27 from the tool 28 are 
walwJ to the optimum. The apparatus illusUaltKl, wllh the filaments 26 in two rows, hae proved to be 
particularly advantageous, apeciftaally for tool* of tho typa ahown In Fig. a 



